1, 2 are a special class of slowly rotating (period ∼5-12 s) neutron stars with extremely strong magnetic fields (>10 14 G) -at least an order of magnitude larger than those of the "normal" radio pulsars. The potential evolutionary links and differences between these two types of objects are still unknown; recent studies, however, have provided circumstantial evidence connecting magnetars with very massive progenitor stars 3-5 . Here we report the discovery of an infrared elliptical ring or shell surrounding the magnetar SGR 1900+14.
As part of our systematic study of the circumstellar environments of SGRs and AXPs, we observed the position of SGR 1900+14 using all three instruments onboard the NASA Spitzer Space Telescope in 2005 and 2007 . Surprisingly, our 16 µm and 24 µm images (Fig. 1b, c) reveal a prominent ring-like structure that is not detected in our 3. 6 10 . We reexamined published and archival data of the field around SGR 1900+14 but found no equivalent structure at optical, near-IR, radio or X-ray wavelengths. In particular, the lack of detection in the radio spectrum, to a limit of 11 The Spitzer images are dominated by the bright emission from two nearby M5 supergiants that mark the centre of a compact cluster of massive stars at a distance of 12-15 kpc 12, 13 . Although it has been suggested that SGR 1900+14 is associated with this cluster 12 , an alternative distance of 5 kpc has also been suggested, on the basis of the hydrogen column density of its X-ray spectrum 14 .
In addition, the SGR is offset by 12" from the cluster centre, and the visual extinction corresponding to the X-ray derived hydrogen column density 11 (A V = 12.8 ± 0.8) is significantly different from that deduced optically for the cluster stars 12 (A V = 19.2 ± 1). Considering both possibilities, we calculated physical sizes for the semi-major and semi-minor axes of the ring of 0.9 × 0.5 pc, if SGR 1900+14 lies at a distance of ∼ 5 kpc, or 2.6 × 1.4 pc, if it resides at a cluster distance of 15 kpc.
We have constrained the temperature of the material in the ring by first cross-convolving the images with the point spread function of the different arrays. We then measured the flux through fixed apertures at several positions along the ring. The largest source of uncertainty lies in the subtraction of the local background. We derived a temperature of 130 − 150 K for the material in the ring using a simple black-body fit, and one of ∼ 80 − 120 K using a more realistic dust model. 15 We caution that the presence of spectral lines or peculiarities in the underlying midinfrared spectral shape might significantly alter these derived temperatures. For example, Spitzer observations have revealed a shell only visible at 24 µm, where the broadband flux can be entirely attributed to [OIV] line emission 16 . A broad 22 µm continuum feature has also been identified in environments associated with supernovae and massive star formation 17 .
The 70 µm image shows a bipolar flux distribution along the minor axis of the ellipse (Fig.   1d ). Extended enhancements in the ring are also seen at these positions in the 16 and 24 µm images.
Our data do not allow us to determine the underlying three-dimensional geometry of the structure, that is, to distinguish between a limb-brightened shell, a true ring morphology, or a bipolar cavity with equatorial torus. Similarly, an accurate measurement of the total flux in the ring is very difficult because the enveloping diffuse emission (Fig. 1a) To test for ring evolution, we used the publicly available MIPSGAL Spitzer Legacy programme observations of the field that were obtained at an epoch (2005 Oct 03) earlier than was our own data set. Creating a difference image from the 24 µm data of the two different epochs, we find no discernable change in the size (positional shifts < 0.5") or flux (root mean square < 1 − 2%)
of the ring emission in the 1.6 yr between the two observations. The stationary nature of the ring strongly disfavours one obvious explanation for the creation of the ring -a light echo, due to reprocessing by the surrounding dust, from the 1998 SGR 1900+14 giant flare. This model predicts a typical fractional change in the ring size and brightness between the two epoch observations of ∼ 23%, which is not seen in the data (see Supplementary Information for more details).
Morphologically, the ring resembles the wind-blown bubbles and shells observed around evolved massive stars [18] [19] [20] , such as B supergiants, luminous blue variables and Wolf-Rayet stars.
The supersonic wind from the star drives a shock into the surrounding medium, sweeping up the ambient material into a thin, dense, cool shell. The emission from the swept-up material is powered by the luminous central star. Such shells have typical radii of ∼ 2 − 10 pc for Wolf-Rayet stars 20 and 0.1 − 2.3 pc for luminous blue variables/supergiants 18, 19 , overlapping the size of our ring. To guard against a simple chance superposition with an unrelated source, we investigated the photometric properties of stars near the centre of the ring. The sources in the immediate vicinity of the SGR position 11 are too faint in comparison with the near-infrared luminosities expected for the massive stars discussed above 21, 22 , and thus cannot be physically associated with the ring. For stars with larger offsets from the centre (≥ 7") we cannot rule out a massive star classification based solely on available archival data. However, a situation in which an off-centre star creates an elliptical ring with an unrelated magnetar at its exact centre appears rather contrived.
In the absence of an obvious chance superposition, the close positional coincidence between the SGR and the centre of the ring then strongly indicates that the SGR and the ring are physically connected. One interpretation is that the ring represents material ejected during the late stages of the SGR progenitor's evolution. However, we know that a supernova explosion occurred, producing the magnetar, and the resulting shock wave is expected to disrupt such a close shell as it interacts with and dissipates into the surrounding material. Some cases are known in which the SNR has over-run a wind-swept shell, but the wind bubble invariably emerges irregular and fragmented in shape after its encounter with the supernova 23 . The symmetric and well-defined appearance of our ring thus would imply that the supernova shock wave is still inside the ring. Our simulations show that this would require the supernova to be < 200 yr old, with bright radio and X-ray emission, contrary to observations. The lack of high-energy X-ray and non-thermal radio emission also excludes the possibility that the observed ring is produced by the emission of the blast wave from the progenitor's supernova explosion.
The rejection of these various possibilities raises the issue of the energy source that is powering the ring. We derived a limit for the required luminosity of the heating source by means of radiation balance, using the measured temperature T IR of the dust. If the luminosity L * is dominated by a source of temperature T * , then (see Supplementary Information for details)
where T IR is measured in units of 100 K, T * is measured in units of 10 4 K and R, the distance from the central heating source, is measured in units of parsecs.
We note that the persistent X-ray luminosity of the SGR is only L 2−10 keV ≈ 2.0 − 3.5 × and Westerlund 1, implying that the extended emission is powered by the cluster stars. We note that, given the location and size of the 24 µm nebula, the cluster might be more spatially extended than previously thought, with as-yet-undiscovered member stars.
A possible mechanism for the creation of the ring is the formation of a dust-free cavity owing to the giant flare activity from SGR 1900+14, which would naturally explain why the ring is centred on the magnetar. The destruction of dust grains can occur either by sublimation due to the heating by ultraviolet 25 or X-ray 26 emission, or by grain charging due to the incident X-rays, which causes the dust grains to gradually shatter into smaller pieces until they are eventually destroyed 26 . The size and shape of the ring can constrain the energy output and degree of anisotropy of the flaring event (see Supplementary Information for details). Using Equation (25) In light of the probable association between the SGR and the star cluster, we have reexamined the issue of the mismatch in extinction, which has been used as an argument against that connection 11 . As our observations show, the cluster-SGR environment is characterized by a complex dust distribution on small spatial scales and dust destruction by the high-energy emission of the SGR. Because the derived extinction values were based on measurements towards two distinct physical locations (the supergiants and the SGR) and are based on different tracers (gas and dust) it is then not surprising that the resulting values differ. Similar differences have been observed for the Cas A SNR 29 and extragalactic gamma ray burst sources 30 . In addition, we note that the visual absorption derived solely from the near-infrared photometry of the M supergiants, using both the published data 12 and new measurements extracted from the Two Micorn All Sky Survey, is A V = 10.4 − 14.4 mag, in comparison with A V = 19.2 ± 1 mag, the value obtained when the optical I band measurement is included. Although this is puzzling and deserves further investigation, the various extinction measurements are clearly subject to large uncertainties and can potentially be reconciled with our conclusion that the SGR is a member of the star cluster. 
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Supplementary Material for "An infrared ring around the magnetar SGR 1900+14" Light echo scenario details
If the SGR were surrounded by an extensive dust cloud, a substantial amount of the giant flare radiation will be converted into IR radiation. Given the extended nature of the dust cloud, light travel times across it must be considered. The two MIPS 24 µm images were obtained at t 1 = 7.10 yr and t 2 = 8.75 yr after the 1998 August 27 giant flare from SGR 1900+14. If the ring is from a light echo due to reprocessing of the giant flare photons then the time delay t is related to the location of the (assumed rapid) reprocessing by ct = r(1 − cos θ), where (r, θ, φ) are polar coordinates with the SGR located at the origin and with the z-axis pointing to the observer. This locus of points from which reprocessed photons reach the observer simultaneously describes a paraboloidal surface centered on the location of the SGR and symmetric about our line of sight to the SGR, which grows linearly in time, in the sense that r/t is a function of the polar angle θ alone.
The lateral distance from the SGR to this surface (at θ = 90 • ) is simply ct, which corresponds to ct 1 ≈ 2.2 pc and ct 2 ≈ 2.7 pc for our two epochs of observation, where ct 1 corresponds to the semi-major axis of the ring for d ≈ 12.5 kpc.
The main characteristics of such a light echo can be demonstrated by the simple and idealized case of a thin spherical shell of dust of radius R centered on the SGR. Its intersection with the paraboloidal surface described above is simply at cos θ = 1 − ct/R so that the apparent ring size
It initially grows super-luminally, its expansion slowing down until it reaches a maximal size of R ring = R at t = R/c, and then begins to shrink increasingly fast until it disappears at t = 2R/c.
Its apparent velocity β app in units of c is
While β app ≥ 1 for much of the time, we also have β app ≪ 1 at t ≈ R/c, i.e. very close to the time when the ring reaches its maximal size and begins to shrink. However, for two generic observation times one expects a fractional change of ∼ (t 2 − t 1 )/t 1 in the ring size, which in our case corresponds to ∼ 23%. Moreover, since the observed ring in our case is elongated with an axis ratio of ∼ 2 : 1, the shell of reprocessing dust must clearly be non-spherical, and therefore the maximal size would also depend on the azimuthal angle φ, so that the apparent expansion velocity of the ring would never vanish everywhere at once, and one can expect fractional changes of the order of ∼ (t 2 − t 1 )/t 1 ∼ 23% in the ring shape or brightness between the two epochs, at least in some parts of the ring. Therefore, our strict limits on its exact location, and fractional chances in its size, shape, and brightness (of < 1 − 2%) are very hard to satisfy simultaneously in this scenario.
Dust heating considerations
The temperature of the dust can be used to determine the required luminosity of the heating source by means of radiation balance. If ǫ λ is the dust absorption efficiency, then its temperature is given by a balance between the heat input due to the flux it absorbs and emits. If the flux it absorbs is dominated by a point source (which is also a useful approximation for a group of sources at distances larger than their separations) with luminosity L * peaking at λ * , at a distance R, then a (spherical, for simplicity) dust grain of radius a absorbs energy at a rate oḟ
and radiates away energy at a rate ofĖ
where λ IR ∼ hc/kT IR . Equating the two rates gives:
If the luminosity L * is dominated by a source of temperature T * (∼ hc/kλ * ), and both ǫ λ * and ǫ λ IR are in the range where ǫ λ ∝ 1/λ, then
and
This basically sets a limit for the required heating source. Note that for a given source equation (8) implies that the dust temperature decreases rather slowly with the distance from the source, T IR ∝ R −2/5 and could help explain why we do not detect a change along the ring in the apparent temperature of the ring emission.
Giant flare energetics and anisotropy
The ∼ 2 : 1 axis ratio of the ring suggests that if it was indeed formed by the initial spike of a giant flare, then the flare had an angular variation in its isotropic equivalent luminosity L or energy E of a factor of ≥ 4 (since the sublimation radius scales as L 1/2 while the dust shattering radius scales as E 1/2 , and the true axis ratio of the dust-free cavity could be somewhat larger than the observed axis ratio of the ring due to projection effects). Moreover, the relatively modest degree of anisotropy suggests that the true total energy output in the event that created the dust-free cavity 
